Abstract-This paper presents a method for automatically finding regions of interest (ROIs) in the infrared image of electrical installation. These regions are very important in diagnosing the thermal condition of electrical equipment. Even the selection of ROIs in the infrared image can be done manually, however the accuracy of the regions is arguably. So we take the advantage of extracting local features to identify, locate, and match multiple repeated objects and grouping look like similar objects in the images. Experimental results have shown that the proposed method achieves better performance for detecting the target ROIs with various irregular intensity variations, dim target equipments and cluttered background. The performance of the proposed and method is qualitative and quantitatively evaluated.
I. INTRODUCTION
In recent years, infrared imaging has become an important tool particularly for predicting and preventing electrical equipment's failure [1] . It can reveal various types of problems in electrical equipment by sensing the emission of infrared energy (i.e. temperature) of the equipment. The degradation of electrical equipments and components can cause overheating, which can lead to subsequent failure of the equipments that can potentially result in unplanned power outages, possible injury and fire hazard. In addition, the efficiency of an electrical system becomes low prior to failure, thus energy is spent generating heat and causing unnecessary energy loses. Therefore, early prevention is required in order to avoid this situation. There are two ways to analyze the thermal characteristics in electrical equipment. The first is quantitative measurement, which is to measure the exact real temperature value of an object. However, these measurements are relatively difficult to obtain. It requires a greater understanding of the variables influencing radiometric measurement including object's emissivity, transmissivity and reflectivity as well as considering the effects of ambient conditions and atmospheric attenuation [2] . The second method of measurement is qualitative which is considering the relative temperature value of particular hot equipment with respect to other equipments under the same load and condition. It can also be the similar components in other phases. This method, which employs the ∆T criteria, is widely used for evaluating the condition of electrical equipment [3] .
For evaluating the condition of electrical installation based on qualitative measurement, the similar equipments or components have to be segmented. However, there are a few constraints regarding the infrared image segmentation. The first is due to the nature of infrared image which is quite different from that of visual light image. The formation of a thermal image is purely based on the heat distribution of an object. It brings some difficulties to image segmentation due to its overcentralized intensity distribution and low intensity contrast [4] . Another reason of producing the low-quality images such as blurring effect, low target-to-background contrast and noises in infrared images is due to the limitation of infrared camera technology availability [5] . Furthermore, extracting the hot region within an infrared image has become a challenging task, especially when the image contains a very complex background and low signal-to-noise ratio (SNR) [6] .
The ROIs detection process becomes more challenging when qualitative evaluation of electrical installation is considered. In conventional infrared image segmentation such as in the applications of automatic target recognition (ATR), medical infrared imaging, non-destructive testing (NDT) as well as in surveillance, the target regions are generally had brighter pixel intensities than its background image. However, this condition is not always true in the case of segmenting infrared image of electrical equipment. Since, electrical equipments are evaluated based on qualitative measurement, all the similar components/equipments should be segmented and grouped together. It is important to note that, although electrical components/equipment shows warmer than its surrounding because of power dissipation, nevertheless, it does not show the same characteristic when the thermal anomaly occurs. The first common problem is the variation of pixel intensities within and between regions, which are normally inhomogeneous. Fig. 1 illustrates the intensity variations of each component. This situation will let the target object either be divided into multiple regions or merging some parts of the object with the background image. The faulty equipments commonly have a high contrast between its region and background while the normal regions have relatively low contrast with the background. The same condition may happen when there is another heat source contained outside the equipments within the same image. The image intensities of the equipment tend to appear dimmer compared to the image which has no other background heat sources. This paper proposes a new method for finding ROIs in infrared image of electrical installation by considering qualitative evaluation. The remainder of this paper is organized as follows: Section 2 briefly review the related works for segmenting the infrared image of electrical equipment. The proposed method of this research is presented in Section 3. Experimental results and discussions are provided in Section 4 and finally concluding remarks appeared in Section 5.
II. RELATED WORKS
Recent research in this field has shown an interest on automated diagnosing system for evaluating the condition of electrical equipments [7] . In conventional approach, diagnosing the thermal condition of electrical equipments by analyzing its infrared image can only be done by well-qualified and experienced personnel. Furthermore, the evaluation is quite time-consuming and costly even using the commercially available software. Therefore, implementing an automated diagnosing system can help to detect and evaluate the thermal anomalies quickly and accurately.
Thresholding technique is the simplest method for identifying the hot regions within infrared image of electrical equipment [8] [9] [10] [11] [12] . It has been widely used in various image segmentations because of its simplicity and easy to implement. In examining the thermal condition of electrical equipment, thresholding technique is used for separating the warm region from its background. The possible thermal anomalies in the equipment can be detected by filtering the image using a certain threshold value. Hot regions are extracted using the morphological segmentation where the maximum gray pixel value determines the maximum temperature of the hot region. Nevertheless, the problem with simple thresholding method is the image tends to be over segmented. If the threshold value is too low, the lower intensity regions will be disappeared [7] . Some examples of IRT image segmentation results using various thresholding methods are shown in Fig. 2 with their corresponding threshold values. Compared to ground truth image, most of the segmented images tend to be over segmented. This will lead to inaccurate ROIs detection [10] .
Lin et al. implement image registration method based on object-oriented division and the image matching adjustment algorithm for monitoring the thermal anomaly in electrical equipment [13] . Image registration methods are divided into three steps: First, based on (regional) gray similar to the method of selection of such methods by a similarity measure, with time as a measure of similarity of two images. The second is image transformation by using phase correlation based on Fourier transform algorithm. Finally, they use Harris corner point detection for matching the images. After detecting the image of the target equipment, the image is then compared with the similar template in order to define the apparatus condition. [14] , (e) Hamadani (T=136) [15] , (f) Minimum Error Thresholding (MET) (T=41) [16] , (g) Kapur (T=138) [17] , (h) Fuzzy C-Mean (T = 99).
In another attempt, Ishino [18] proposed a method for detecting the thermal fault in electrical apparatus by comparing the reference thermal pattern of an apparatus using high-order local autocorrelation features. In this study, similar apparatus are detected using Manhattan distance between the reference feature and the feature at each attention area. The similar is defined as An advanced method based on top down approach has been proposed by Smedberg and Wretman [19] , [20] . Assuming that all the images contain the repeated structure, this approach detects the repetitive elements by grouping the similar local features. A method based on top-down approach for object recognition is one of the best choices. Smedberg [19] and Wretman [20] have proposed a method based on top-down oriented. By assuming that all objects in an infrared image of electrical equipments are in repetitive structures, the ROIs are identified by detecting the local features and grouping the similar distinctive features of each object. Scale Invariant Feature Transform (SIFT) algorithm [21] was employed to find the repeated structure by identifying its distinctive features, describe the features and matching each features in order to detect similar object within the image. Here, SIFT algorithm was modified in such a way that the distinctive similar features are matched and paired within a single image rather than between images. Finally, after having a set of matching features, these set of features are grouped and the region of repeated structure can be extracted [20] . This segmentation technique has shown a good ROIs identification and repeated object detection. However, this technique is only practical for a very look like similar structure of electrical equipment or component. The limited texture in infrared image of electrical equipments has lead to limited number of features detection.
III. PROPOSED METHOD
Assuming that electrical equipments and components warmer than its surrounding due to heat dissipating from I 2 R effect. The proposed method is summarized in the flowchart as illustrated in Fig. 3 . 
A. Finding salient region
Finding salient region using image warm region enhancement and Otsu thresholding [14] .Applying pixel intensity adjustment technique, the targeted region of interest can be enhanced and the surrounding background can be separated. In this method, the pixel intensities of an original infrared image of electrical equipment are inverted by subtracting the image with the highest pixel value. Therefore, the inverted image is ( ) ( ) ( )
here, I inv (x,y) and I(x,y) are the inverted and original image, respectively. x and y are the pixel locations in the image where all the original images are in gray scale form. In order to enhancing the warm regions and reduce the effect of unwanted background, the inverted image is then subtracted by the original image using:
( ) ( )
where I h (x,y) is the result of warm regions enhancement. This technique will clearly adjust the visibility of the warm regions and at the same time minimizing the effect of background noises. By subtracting one image from another shows us the difference between the images' pixels. The inverted image changes the pixel intensities where the brighter regions will become darker and vice versa. The inverted image can clearly enhance the warm regions contains in the image. Finally, the salient regions are detected by employing standard Otsu thresholding method. A morphological image dilation and fill of the regions were applied and some unwanted small regions were removed. Then, a bounding box for each detected regions are located according to object orientation and region size as shown in Fig. 4 .
Fig. 4. Locating oriented bounding boxes
After fitting a bounding box around the detected region, certain properties of the box are extracted as the region descriptor. Here, the length and width of the bounding boxes are taken as region descriptors. This is a simple approach for pairing region to form a rough group of repeated structures. The similar bounding box properties are clustered in one group by using feature distance, where the nearest distances below a certain threshold value will receive the highest voting to be paired. Let R i be all the detected regions where i = 1,2,..L n , the degree of region similarities based on eclipse properties is defined as However, some images still have no pairing region. There are two stages to be made. The first is to eliminate unwanted regions and the second is to find other possible similar region. For grouping and pairing similar objects, we employ MSER key-points detection [22] with elliptical properties and SIFT key-points detection with SIFT features [21] . The detected region is assigned as the template to find other possible region. Normalized cross correlation (NCC) can be used to search for the potential similar object in the image then the SIFT and MSER key-point descriptors within the NCC regions are matched with the template. The computation process is repeated by taking each coordinates of the image (x, y) as the center of the neighborhood window so that the normalized correlation value of each pixel in the scene image can be evaluated. Normalized cross correlation by normalizing the image and feature vectors to unit length, yielding a cosine-like correlation coefficient . If f(x,y) is the reference image region over x,y under the window containing the bounding box region and t(x-u,y-v) is the search region image. u and v stand for the integer pixel offset in x and y direction respectively. The NCC, γ between salient region and the corresponding search region is defined as
where µ t is the mean of the search region and µ u,v is the mean of the reference region (size of M x N) which is given as
The values of γ ranged between −1 (when the matching entities are inverses of each other) and 1 (when the matching entities are exactly the same). γ = 0 is an indication of no relationship between the matching entities. Even if there is no truly corresponding entity in the search image, there will always be some peak correlation coefficient. A matched region is accepted if the γ satisfy to the respective thresholds value, t sim .
The key-points descriptor between template region and candidate regions are matched if the distance between the descriptor at below a certain threshold, t match .
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The region's grouping is limited at a certain spatial distance. The regions are considered as one group if they are located below a specific distance threshold value. The distance between two regions are calculated between the centres of gravity of the regions' coordinate which is given as
where c i and c j are the coordinates between region i and j respectively. t g is the threshold value through which the regions are considered as one group if the distance is below this threshold. Final stage is to refine and labeling the detected regions. The regions in a group should have the same region size. For accurate region segmentation, transition region extraction (TRE) segmentation method was used to detect the correct region coverage for each detected bounding box.
IV. EXPERIMENTAL RESULT AND ANALYSIS
Infrared images were captured using Fluke Ti25 thermal imager with fusion technology. The thermal imager consisted of a 160 X 120 focal plane array, uncooled microbolometer detector and operated in the infrared spectral band of 7.5 µm to 14 µm. The thermal lens capture images of 320 x 240 pixels while the ordinary lens produced 640 x 480 pixels (visual images). All the infrared images of electrical equipments were collected at the main switchboard which is supplying the electricity to an office building. For capturing the image, the thermal imager orientation is directly facing to the target electrical equipment in order to get an accurate measurement. The distance between the target electrical equipment and the thermal imager is in the range of 0.5-1.0 m. The emissivity value was set at 0.95 as recommended generally for most of electrical cables. It was noted that the ambient temperature around the equipments is between 30-33 °C during the inspection.
The example results of ROIs detection of the proposed and existing methods are shown in Fig. 5 . This figure compares the poposed method with other segmentation method including TRE based on effective average gradient (EAG), Renyi entropy 2-D, maximum entropy, Kapur method, Otsu-2D, Edison and Normalized cut. The final ROIs results are superimposed with the original images which were formatted in gray scale image. As can be seen in Fig. 5 , there are two typical segmentation mistakes that can happen. The first is the target equipments or components are segmented into multiple regions. The second one is some parts of the equipments or components are merged with the background image In order to quantitatively evaluate the ROIs detection performance that can be very useful for further analysis, we utilize region detection accuracy by classifying the segmented region into the following categories:
• Good and correct numbers of regions are identified; additionally the regions cover the true object and group.
• Borderline -good coverage of correct regions but wrong number of regions are identified or some parts are not correctly grouped/segmented.
• Fail -incorrect number of regions are identified or the regions coverage are judged as being insufficient for further analysis or finding false grouping or not being able to find similar region and group.
The ROIs detection is classified manually from 182 captured images of electrical installations. Table I presents the distribution of ROIs detection results according to the abovementioned category. V. CONCLUSION
In this paper, we proposed a method for finding target ROIs in an infrared image of electrical installations. The correct region identification is very useful for evaluating the thermal condition of electrical equipments. However, finding ROIs in the infrared image is very challenging tasks as the target regions always have irregular intensities, dim targets and very cluttered background. The proposed method through experiment has shown that a better ROIs detection compared to existing techniques.
